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ABSTRACT

Background

Tetanus is an acute, often fatal, disease caused by an exotoxin produced by Clostridium tetani. It occurs in newborn infants born to mothers
who do not have sufficient circulating antibodies to protect the infant passively, by transplacental transfer. Prevention may be possible by
the vaccination of pregnant or non-pregnant women, or both, with tetanus toxoid, and the provision of clean delivery services. Tetanus
toxoid consists of a formaldehyde-treated toxin that stimulates the production of antitoxin.

Objectives

To assess the effectiveness of tetanus toxoid, administered to women of reproductive age or pregnant women, to prevent cases of, and
deaths from, neonatal tetanus.

Search methods

We searched the Cochrane Pregnancy and Childbirth Group's Trials Register (31 January 2015), CENTRAL (The Cochrane Library 2015, Issue
1), PubMed (1966 to 28 January 2015), EMBASE (1974 to 28 January 2015) and reference lists of retrieved studies.

Selection criteria

Randomised or quasi-randomised trials evaluating the effects of tetanus toxoid in pregnant women or women of reproductive age on
numbers of neonatal tetanus cases and deaths.

Data collection and analysis

Two review authors independently assessed trials for inclusion and risk of bias, extracted data and checked them for accuracy.

Main results

Two effectiveness trials (9823 infants) and one safety trial (48 mothers) were included. The main outcomes were measured on infants born
to a subset of those randomised women who became pregnant during the course of the studies. For our primary outcomes, there was no
high-quality evidence according to GRADE assessments.

One study (1182 infants) assessed the effectiveness of tetanus toxoid in comparison with influenza vaccine in preventing neonatal tetanus
deaths. A single dose did not provide significant protection against neonatal tetanus deaths, (risk ratio (RR) 0.57, 95% confidence interval
(Cl) 0.26 to 1.24; 494 infants; GRADE: low-quality evidence). However, a two- or three-dose course did provide protection against neonatal
deaths, (RR0.02,95% C10.00 to 0.30; 688 infants; GRADE: moderate-quality evidence). Administration of a two- or three-dose course resulted
in significant protection when all causes of death are considered as an outcome (RR 0.31,95% CI 0.17 to 0.55; 688 infants; GRADE: moderate-
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quality evidence). No effect was detected on causes of death other than tetanus. Cases of neonatal tetanus after at least one dose of tetanus
toxoid were reduced in the tetanus toxoid group, (RR 0.20, 95% CI 0.10 to 0.40; 1182 infants; GRADE: moderate-quality evidence).

Another study, involving 8641 children, assessed the effectiveness of tetanus-diphtheria toxoid in comparison with cholera toxoid in
preventing neonatal mortality after one or two doses. Neonatal mortality was reduced in the tetanus-diphtheria toxoid group (RR 0.68,
95% CI 0.56 to 0.82). In preventing deaths at four to 14 days, neonatal mortality was reduced again in the tetanus-diphtheria toxoid group
(RR0.38,95% CI 0.27 to 0.55). The quality of evidence as assessed using GRADE was found to be low.

The third small trial assessed that pain at injection site was reported more frequently among pregnant women who received tetanus
diphtheria acellular pertussis than placebo (RR 5.68, 95% Cl 1.54 to 20.94; GRADE: moderate-quality evidence).

Authors' conclusions

Available evidence supports the implementation of immunisation practices on women of reproductive age or pregnant women in
communities with similar, or higher, levels of risk of neonatal tetanus, to the two study sites.

PLAIN LANGUAGE SUMMARY

Vaccines for women to prevent tetanus in newborn babies

Review question: Our review evaluated the existing evidence on immunisation with tetanus toxoid in women of reproductive age for the
prevention of tetanus and death in newborn babies and to determine whether serious harms are associated with tetanus toxoid exposure.

Background: Tetanus in newborn babies is an infection causing rigidity, muscle spasm and often death. It is quite common in low-income
countries, as a result of insufficient protection being passed from the mother to her baby during the pregnancy, together with infection
entering into the baby when the umbilical cord is cut using contaminated instruments.

Study characteristics: The evidence is current to January 2015, the review includes three trials. Two assessed the effectiveness of
vaccinating women of reproductive age (9823 infants): one (1182 newborns) assessed the effects of tetanus toxoid against polyvalent
influenza in preventing tetanus and deaths within the 30th day of life; the other (8641 newborns) assessed the effects of tetanus-diphtheria
toxoid against cholera toxoid administered in women of reproductive age in preventing newborn deaths. The third trial (48 women and
their newborns) assessed the safety of tetanus toxoid diphtheria acellular pertussis vaccine (Tdap) administration during pregnancy in
comparison with placebo.

Key results and quality of the evidence:

A protective effect against deaths caused by tetanus was observed among the newborns from mothers who received at least two doses of
the tetanus toxoid vaccine when compared with newborns from mothers who were immunised with influenza vaccine. A similar protective
effect was seen with at least two doses of the tetanus vaccine against newborn deaths. Cases of tetanus were less frequentamong newborns
from women who received at least one dose of tetanus toxoid. This evidence was of moderate quality. In the second trial immunisation of
women of reproductive age with tetanus diphtheria toxoid had a greater protective effect against newborn deaths than did cholera vaccine.
The quality of the evidence was low for this outcome. In the third study no serious adverse events (during pregnancy or in babies) were
related to the receiving of Tdap vaccine. The women experienced more pain with the vaccine injection than with the placebo. The available
evidence supports the implementation of immunisation programs for women of reproductive age or pregnant women in communities
with similar, or higher, levels of risk of tetanus in newborn babies as at the two study sites.

Vaccines for women for preventing neonatal tetanus (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Tetanus toxoid versus influenza vaccine for women to prevent neonatal tetanus

Tetanus toxoid versus influenza vaccine for women to prevent neonatal tetanus

Patient or population: women aged between 13 and 45 years.

Setting: rural community

Intervention: tetanus toxoid versus influenza vaccine.

Outcomes Illustrative comparative risks* (95% Cl) Relative ef- No of partici- Quality ofthe Comments
fect pants evidence
Assumed risk Corresponding risk (95% ClI) (studies) (GRADE)
Control Tetanus toxoid versus influenza
vaccine
Neonatal tetanus deaths - 1 Study population RR 0.57 494 BP0
dose (0.26t01.24)  (1study) low 1.2
Follow-up: 30 days 70 per 1000 40 per 1000
(18 to 87)
Moderate
70 per 1000 40 per 1000
(18 to 87)
Neonatal tetanus deaths-2or3  Study population RR 0.02 688 BODO
doses (0to 0.3) (1 Study) moderate 1
Follow-up: 30 days 78 per 1000 2 per 1000
(0to 23)
Moderate
78 per 1000 2 per 1000
(0to 23)
All causes of deaths - 1 dose Study population RR1.08 494 BDOO About 57% of
Follow-up: 30 days (0.65t0 1.79) (1 study) low 1,2 non-tetanus
104 per 1000 112 per 1000 deaths were ob-
(67 to 186) served in the
first 7 days of
life.
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Moderate
104 per 1000 112 per 1000
(68 to 186)
All causes of deaths - 2 or 3dos-  Study population RRO0.31 688 DODO
es (0.17 t0 0.55) (1 study) moderate 1
Follow-up: 30 days 133 per 1000 41 per 1000
(23to 73)
Moderate
133 per 1000 41 per 1000
(23 to 73)
Neonatal tetanus cases - Any Study population RRO0.2 1182 BODO Only 3 non fa-
dose (0.1t00.4) (1 study) moderate 1 tal tetanus cas-
Follow-up: 30 days 79 per 1000 16 per 1000 es observed (all
(8t0 32) in the control
group).
Moderate
79 per 1000 16 per 1000
(8t032)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Design & Implementation (selection bias): Different aspect of the vials used for intervention and control vaccine could have introduced a certain bias in selection.

2 Imprecision: Wide confidence interval including clinical important effect and no effect

Summary of findings 2. Tetanus diphtheria toxoid immunisation of women of reproductive age compared with cholera toxoid for preventing

neonatal mortality

Tetanus diphtheria toxoid immunisation of women of reproductive age compared with cholera toxoid for preventing neonatal mortality
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Patient or population: women of reproductive age = 15 years.
Setting: rural community

Intervention: tetanus diphtheria toxoid versus cholera toxoid.

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of partici- Quality ofthe Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Tetanus diphtheria toxoid
Neonatal mortality in the first 28  Study population RR 0.68 8641 DPOO
days of life (0.56t0 0.82) (1 study) low 1.2
Follow-up: 28 days 60 per 1000 41 per 1000
(33t0 49)
Moderate
60 per 1000 41 per 1000
(34 to 49)
Neonatal mortality betweenday = Study population RR0.38 8641 DBOO
4-14 of life (0.27 to0 0.55) (1 study) low 1.2
Follow-up: 10 days 25 per 1000 10 per 1000
(7 to 14)
Moderate
25 per 1000 9 per 1000
(7 to 14)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Design & Implementation (selection bias): Even if several important methodological details are missing, the possibility of a certain bias in selection could not be totally excluded.
2 Indirectness: Authors consider mortality between days 4 and 14 of life as proxy outcome for neonatal tetanus.
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Summary of findings 3. Local and systemic reactions after administration of Tetanus Diphtheria acelluar Pertussis vaccine versus saline placebo in
pregnant women

Local and systemic reactions after administration of Tetanus Diphtheria acelluar Pertussis vaccine versus saline placebo in pregnant women

Patient or population: patients with local and systemic reactions
Settings: community

Intervention: Tetanus Diphtheria acellular Pertussis vaccine
Comparison: saline placebo

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of partici- Quality ofthe Comments
(95% CI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Saline placebo Tetanus Diphtheria
acellular Pertussis vac-
cine
Injection site reactions - pain atinjec-  Study population RR5.68 48 SPPO
tion site (1.54 t0 20.94) (1 study) moderate 1
Follow-up: 7 days 133 per 1000 757 per 1000
(205 to 1000)
Moderate
133 per 1000 755 per 1000
(205 to 1000)
Injection site reactions - erythema - Study population RR1.36 48 SDPO
redness (0.15t0 12.05) (1 study) moderate 1
Follow-up: 7 days 67 per 1000 91 per 1000
(10 to 803)
Moderate
67 per 1000 91 per 1000
(10 to 807)
Injection site reactions - induration - Study population RR 3.29 48 SDDO
swelling (0.18 t0 60.05) (1 study) moderate 1
Follow-up: 7 days 0 per 1000 0 per 1000
(0to 0)
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Moderate
0 per 1000 0 per 1000
(0to 0)
Systemic reactions - fever (oral tem- Study population RR1.41 48 SODO
perature =38°C) (0.06 to 32.78) (1 study) moderate 1
Follow-up: 7 days 0 per 1000 0 per 1000
(0to 0)
Moderate
0 per 1000 0 per 1000
(0to 0)
Systemic reactions - headache Study population RR 1.67 48 DBOO
Follow-up: 7 days (0.54t05.11) (1 study) moderate 1
200 per 1000 334 per 1000
(108 to 1000)
Moderate
200 per 1000 334 per 1000
(108 to 1000)
Systemic reactions - malaise Study population RR0.91 48 OBDO
Follow-up: 7 days (0.19t0 4.43) (1 study) moderate 1
133 per 1000 121 per 1000
(25 to 591)
Moderate
133 per 1000 121 per 1000
(25 to 589)
Systemic reactions - myalgia Study population RR5.18 48 SPPO
Follow-up: 7 days (0.3t0 88.02) (1 study) moderate 1
0 per 1000 0 per 1000
(0to 0)
Moderate
0 per 1000 0 per 1000
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(0to 0)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Imprecision: Small sample size. The study was not powered to test any specific hypotheses.
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BACKGROUND

Tetanus is an acute, often fatal, disease caused by an exotoxin
produced by Clostridium tetani. Tetanus is characterised by
generalised rigidity and convulsive spasms of skeletal muscles.
The muscle stiffness usually involves the jaw and neck and then
becomes generalised.

Description of the condition

Neonatal tetanus is a form of generalised tetanus that occurs
in newborn infants born to mothers who do not have
sufficient circulating antibodies to protect the infant passively by
transplacental transfer. It usually occurs through infection of the
unhealed umbilical stump, particularly when the stump is cut with
an unsterile instrument.

Neonatal tetanus has been for several years a major cause of
childhood mortality in developing countries. In 1997 an estimated
277,376 neonatal deaths were attributed to tetanus, corresponding
to a global mortality rate of 2.1 per 1000 live births (Prevots
1998). More recently, as a consequence of successful vaccination
programmes and application of single-dose antenatal tetanus
immunisation prevention strategies, the last available worldwide
World Heath Organization (WHO) estimate for deaths caused by
neonatal tetanus (year 2013), was 49,000 (Liu 2015; WHO 2015).

Although these data represent a strong reduction in disease
incidence, and in 1993 deaths due to neonatal tetanus represented
14% of the global causes of neonatal mortality (UNICEF/WHO/
UNFPA 2015), neonatal tetanus was still responsible for about
1% of deaths that occurred among newborns worldwide in 2013
(Liu 2015). Despite impressive progress, the goal of eliminating
neonatal tetanus by 2005 (WHO 2006, UNICEF/WHO/UNFPA 2000)
was later shifted to 2015 (WHO 2015).

Significant progress has been made in recent years. As of March
2015, neonatal tetanus remains a major public health problem
(i.e. with an incidence rate of at least one neonatal tetanus case
per 1000 live births at district level) in 23 countries: Afghanistan,
Angola, Cambodia, Central African Republic, Chad, Congo DR,
Equatorial Guinea, Ethiopia, Haiti, India, Indonesia, Iraq, Kenya,
Mali, Niger, Nigeria, Pakistan, Papua New Guinea, Philippines,
Somalia, Sudan, South Sudan, and Yemen (WHO 2015). Only as
recently as 2000, neonatal tetanus was a public health problem in
59 countries (UNICEF/WHO/UNFPA 2000), but since that time it has
been eliminated from 36 countries (WHO 2015).

Description of the intervention

Clostridium tetani cannot be eradicated because it is ubiquitous in
the environment and prevention of infection remains the mainstay
of control. Current strategies toward neonatal tetanus elimination
rely on a number of approaches. These include (WHO 2006; WHO
2015; UNICEF/WHO/UNFPA 2015).

1. Strengthening routine immunisation of pregnant women with
tetanus toxoid vaccine. For women who have never received
vaccine, a total of five properly-spaced doses is recommended:
two given one month apart in the first pregnancy, the third dose
at least six months later, then one dose in each subsequent
pregnancy (or at intervals of at least one year), to a total of five
doses.

2. Supplementary immunisation activities in selected high-risk
areas (districts where women have limited or no access
to routine vaccination, underserved populations and special
groups such as nomads and displaced persons), targeting
women of reproductive age with three properly-spaced doses
of tetanus toxoid (high-risk approach), a minimum of four
weeks interval between the first and second rounds and a
minimum of six months between the second and third rounds
are recommended.

3. Promotion of clean deliveries and clean cord care practices.
Health workers encourage also the use of trained health
providers for obstetric care and also provide information about
how to reach such services. Extra efforts should be made to teach
pregnant women how to ensure a clean delivery at home (in
case obstetric services are not available or if women prefer to
deliver athome), the importance of not using harmful traditional
substances for cord care, and when and where to seek care for
complications.

4. Reliable neonatal tetanus surveillance including case
investigation and response. The WHO estimates that only 10%
of cases and deaths occurred in developing countries have
been reported. It is necessary to integrate neonatal tetanus
surveillance into the existing active acute flaccid paralysis
and measles surveillance to have active integrated disease
surveillance for vaccine preventable diseases.

Even if eradication of tetanus is not possible and tetanus exposure
cannot be completely prevented, the WHO recommends the
maintenance of the following program in countries that have
already reached elimination (UNICEF/WHO/UNFPA 2015; WHO
2015).

1. Ensure that the majority of pregnant women (at least > 80%) are
immunised against tetanus.

2. Ensure high coverage with tetanus toxoid-containing vaccines
in infancy, and consider introducing booster doses in childhood
and adolescence. (School-based immunisation can be an
efficient and effective strategy).

3. Ensure access to and use of clean delivery practices and cord
care.

4. Maintain and improve maternal and neonatal tetanus (MNT)
surveillance to monitor continued elimination and identify areas
where MNT is still occurring.

How the intervention might work

Tetanus toxoid has been regarded as safe and useful since
Descombey first reported its production in 1924 (Descombey 1924).
Tetanus toxoid consists of a formaldehyde-treated toxin, which
after a primary series of properly spaced doses, stimulates the
production of an antitoxin that protects against tetanus toxin.

In an immunised mother, tetanus antibodies are transplacentally
transferred to the fetus; this transfer is restricted to the I1gG
immunoglobulins only. The level of fetal IgG increases steadily from
the fourth month up to delivery and at the birth is usually equal
to the maternal level. This provides passive transient protection
against diseases during the neonatal period. Placental antibody
transfer could be reduced in the presence of other diseases (e.g.
malaria or HIV infection), or multiple antigenic stimuli. The infants
of mother with a sub-optimal level of antitoxin may be at risk
of tetanus. Two doses of toxoid administered during pregnancy
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should induce the development of a protective level of antitoxin,
the level ofimmunity induced by a course of three injections is high
and durable (Borrow 2006).

Why it is important to do this review

Current knowledge on vaccine efficacy and recommendations are
only inferred from antitoxin levels and the availability of both field
and experimental evidence on the effect of the tetanus toxoid
appears to be insufficient. In order to try to help fill this gap, there
is an urgent need for a systematic review of all available evidence
on the subject.

OBJECTIVES

1. To assess the effectiveness of vaccination administered to
women of reproductive age, or pregnant women, in preventing
cases of neonatal tetanus.

2. To assess the effectiveness of vaccines in avoiding deaths from
neonatal tetanus.

3. To estimate the frequency of adverse effects associated with
tetanus toxoid vaccination in pregnancy or in women of
reproductive age.

The following hypotheses will be tested comparing groups
intended for tetanus toxoid vaccination versus control/placebo
groups.

1. There is no difference in the number of cases of neonatal
tetanus.

2. There is no difference in the number of deaths.

3. There is no difference in the number and severity of adverse
effects (both systemic and localised).

METHODS

Criteria for considering studies for this review
Types of studies

Randomised, quasi-randomised, or cluster-randomised trials
comparing tetanus toxoid containing vaccines with placebo,
control vaccines or no intervention (control group).

Types of participants

Pregnant women or women of reproductive age irrespective of
immune status.

Types of interventions

Vaccines containing tetanus toxoid compared with placebo, other
control vaccines or no intervention.

Types of outcome measures
Primary outcomes

1. Neonatal tetanus cases.
2. Neonatal mortality (deaths from neonatal tetanus; all causes).

3. Serious harms. This includes outcomes related to the
course of pregnancy (spontaneous abortion, fetal death,
stillbirth, preterm birth, maternal death), to neonatal outcomes
(congenital malformations, neonatal death) and to severe
adverse events (e.g. neurological harms).

Secondary outcomes
1. Adverse effects, classified as systemic (systemic adverse effects
include cases of fever and more generalised signs).

2. Adverse effects, classified as local (local adverse effects include
duration, soreness and redness at the site of inoculation).

Search methods for identification of studies

The following methods section of this review is based on a standard
template used by the Cochrane Pregnancy and Childbirth Group.

Electronic searches

We searched the Cochrane Pregnancy and Childbirth Group’s Trials
Register by contacting the Trials Search Co-ordinator (31 January
2015).

The Cochrane Pregnancy and Childbirth Group’s Trials Register is
maintained by the Trials Search Co-ordinator and contains trials
identified from:

1. monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL);

weekly searches of MEDLINE (Ovid);

weekly searches of Embase (Ovid);

monthly searches of CINAHL (EBSCO);

handsearches of 30 journals and the proceedings of major
conferences;

6. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.

Al

Details of the search strategies for CENTRAL, MEDLINE, Embase
and CINAHL, the list of handsearched journals and conference
proceedings, and the list of journals reviewed via the current
awareness service can be found in the ‘Specialized Register’ section
within the editorial information about the Cochrane Pregnancy and
Childbirth Group.

Trials identified through the searching activities described above
are each assigned to a review topic (or topics). The Trials Search Co-
ordinator searches the register for each review using the topic list
rather than keywords.

In addition, we searched The Cochrane Library (2015, Issue 1),
MEDLINE (1966 to 28 January 2015), EMBASE (1974 to 28 January
2015), using the search strategies detailed in Appendix 1.

Searching other resources

We used the results of the handsearch of the journal Vaccine
(Jefferson 1996; Jefferson 1998). In order to locate unpublished
trials, we wrote to the tetanus toxoid manufacturers listed on the
WHO website. We read the bibliography of retrieved articlesin order
to identify further trials.

We did not apply any language or date restrictions.

Data collection and analysis

For methods used in the previous version of this review, see
Demicheli 2013.
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For this update, we used the following methods for assessing the
nine reports (eight trials) that were identified as a result of the
updated search.

The following methods section of this review is based on a standard
template used by the Cochrane Pregnancy and Childbirth Group.

Selection of studies

Two review authors independently assessed for inclusion all the
potential studies identified as a result of the search strategy. We
resolved any disagreement through discussion or, if required, we
consulted the third review author.

Data extraction and management

We designed a form to extract data. For eligible studies, two review
authors extracted the data using the agreed form. We resolved
discrepancies through discussion or, if required, we consulted the
third review author. We entered data into Review Manager software
(RevMan 2014) and checked them for accuracy.

When information regarding any of the above was unclear, we
planned to contact authors of the original reports to provide further
details.

Assessment of risk of bias in included studies

Two review authors independently assessed risk of bias for
each study using the criteria outlined in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011). Any
disagreement was resolved by discussion or by involving a third
assessor.

(1) Random sequence generation (checking for possible
selection bias)

We described for each included study the method used to generate
the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.

We assessed the method as:

« low risk of bias (any truly random process, e.g. random number
table; computer random number generator);

« highrisk of bias (any non-random process, e.g. odd or even date
of birth; hospital or clinic record number);

« unclear risk of bias.

(2) Allocation concealment (checking for possible selection bias)

We described for each included study the method used to conceal
allocation to interventions prior to assignment and assessed
whether intervention allocation could have been foreseen in
advance of, or during recruitment, or changed after assignment.

We assessed the methods as:

« low risk of bias (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes);

« high risk of bias (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth);

« unclear risk of bias.

(3.1) Blinding of participants and personnel (checking for
possible performance bias)

We described for each included study the methods used, if any, to
blind study participants and personnel from knowledge of which
intervention a participant received. We considered that studies
were at low risk of bias if they were blinded, or if we judged that
the lack of blinding unlikely to affect results. We assessed blinding
separately for different outcomes or classes of outcomes.

We assessed the methods as:

« low, high or unclear risk of bias for participants;
« low, high or unclear risk of bias for personnel.

(3.2) Blinding of outcome assessment (checking for possible
detection bias)

We described for each included study the methods used, if any, to
blind outcome assessors from knowledge of which intervention a
participant received. We assessed blinding separately for different
outcomes or classes of outcomes.

We assessed methods used to blind outcome assessment as:
« low, high or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition
bias due to the amount, nature and handling of incomplete
outcome data)

We described for each included study, and for each outcome or
class of outcomes, the completeness of data including attrition
and exclusions from the analysis. We stated whether attrition and
exclusions were reported and the numbers included in the analysis
at each stage (compared with the total randomised participants),
reasons for attrition or exclusion where reported, and whether
missing data were balanced across groups or were related to
outcomes. Where sufficient information was reported, or could be
supplied by the trial authors, we planned to re-include missing data
in the analyses which we undertook.

We assessed methods as:

« low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups);

« high risk of bias (e.g. numbers or reasons for missing
data imbalanced across groups; ‘as treated’ analysis done
with substantial departure of intervention received from that
assigned at randomisation);

 unclear risk of bias.

(5) Selective reporting (checking for reporting bias)

We described for each included study how we investigated the
possibility of selective outcome reporting bias and what we found.

We assessed the methods as:

« low risk of bias (where it is clear that all of the study’s pre-
specified outcomes and all expected outcomes of interest to the
review have been reported);

« high risk of bias (where not all the study’s pre-specified
outcomes have been reported; one or more reported primary
outcomes were not pre-specified; outcomes of interest are
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reported incompletely and so cannot be used; study fails to
include results of a key outcome that would have been expected
to have been reported);

« unclear risk of bias.

(6) Other bias (checking for bias due to problems not covered by
(1) to (5) above)

We described for each included study any important concerns we
had about other possible sources of bias.

(7) Overall risk of bias

We made explicit judgements about whether studies were at high
risk of bias, according to the criteria given in the Handbook (Higgins
2011). With reference to (1) to (6) above, we planned to assess
the likely magnitude and direction of the bias and whether we
considered it is likely to impact on the findings. In future updates,
we will explore the impact of the level of bias through undertaking
sensitivity analyses - see Sensitivity analysis.

Assessment of the quality of the evidence

For this update, we assessed the quality of the evidence using the
GRADE approach (Schunemann 2009) in order to assess the quality
of the body of evidence relating to the following outcomes for the
main comparisons.

Neonatal tetanus cases.
Neonatal tetanus mortality.
Neonatal mortality (all causes).
Serious harms.

> w N

We used GRADEprofiler (GRADE 2014) to import data from RevMan
2014 in order to create 'Summary of findings’ tables. A summary
of the intervention effect and a measure of quality for each of
the above outcomes was produced using the GRADE approach.
The GRADE approach uses five considerations (study limitations,
consistency of effect, imprecision, indirectness and publication
bias) to assess the quality of the body of evidence for each outcome.
The evidence can be downgraded from 'high quality' by one
level for serious (or by two levels for very serious) limitations,
depending on assessments for risk of bias, indirectness of evidence,
serious inconsistency, imprecision of effect estimates or potential
publication bias.

Measures of treatment effect
Dichotomous data

For dichotomous data, we presented results as summary risk ratio
with 95% confidence intervals.

Continuous data

No continuous data were analysed in this update. In future updates,
we will use the mean difference if outcomes are measured in
the same way between trials. We will use the standardised mean
difference to combine trials that measure the same outcome, but
used different methods.

Unit of analysis issues
Cluster-randomised trials

There are no included cluster-randomised trials. If we identify any
in the futures, we will include them in the analyses along with
individually-randomised trials. We will adjust their sample sizes
using the methods described in the Handbook (Higgins 2011) using
an estimate of the intracluster correlation co-efficient (ICC) derived
from the trial (if possible), from a similar trial or from a study
of a similar population. If we use ICCs from other sources, we
will report this and conduct sensitivity analyses to investigate the
effect of variation in the ICC. If we identify both cluster-randomised
trials and individually-randomised trials, we plan to synthesise the
relevantinformation. We will consider it reasonable to combine the
results from both if there is little heterogeneity between the study
designs and the interaction between the effect of intervention and
the choice of randomisation unit is considered to be unlikely.

We will also acknowledge heterogeneity in the randomisation unit
and perform a sensitivity analysis to investigate the effects of the
randomisation unit.

Cross-over trials

This design is generally not adequate and not applicable for the
purpose of the present review. Only when the first part of a cross-
over trial is performed during pregnancy and/or concerns vaccine
administration during pregnancy, can it be evaluated for inclusion
as a parallel group trial.

Other unit of analysis issues

None.

Dealing with missing data

Forincluded studies, we noted levels of attrition. In future updates,
if more eligible studies are included, we will explore the impact
of including studies with high levels of missing data in the overall
assessment of treatment effect by using sensitivity analysis.

For all outcomes, we carried out analyses, as far as possible,
on an intention-to-treat basis, that is, we attempted to include
all participants randomised to each group in the analyses. The
denominator for each outcome in each trial was the number
randomised minus any participants whose outcomes were known
to be missing.

Assessment of heterogeneity

We assessed statistical heterogeneity in each meta-analysis using
the Tau?, 1> and Chi? statistics. We regarded heterogeneity as
substantial if an 1> was greater than 30% and either the Tau? was
greater than zero, or there was a low P value (less than 0.10)
in the Chi? test for heterogeneity. Had we identified substantial
heterogeneity (above 30%), we planned to explore it by pre-
specified subgroup analysis.

Assessment of reporting biases

In future updates, if there are 10 or more studies in the meta-
analysis we will investigate reporting biases (such as publication
bias) using funnel plots. We will assess funnel plot asymmetry
visually. If asymmetry is suggested by a visual assessment, we will
perform exploratory analyses to investigate it.
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Data synthesis

We carried out statistical analysis using the Review Manager
software (RevMan 2014). We used fixed-effect meta-analysis for
combining data where it was reasonable to assume that studies
were estimating the same underlying treatment effect: i.e. where
trials were examining the same intervention, and the trials’
populations and methods were judged sufficiently similar.

If there was clinical heterogeneity sufficient to expect that
the underlying treatment effects differed between trials, or if
substantial statistical heterogeneity was detected, we planned to
use random-effects meta-analysis to produce an overall summary,
if an average treatment effect across trials was considered
clinically meaningful. The random-effects summary would have
been treated as the average of the range of possible treatment
effects and we planned to discuss the clinical implications of
treatment effects differing between trials. If the average treatment
effect was not clinically meaningful, we did not intend to combine
trials. If we used random-effects analyses, we planned to present
the results as the average treatment effect with 95% confidence
intervals, and the estimates of Tau? and I2.

Subgroup analysis and investigation of heterogeneity

If we had identified substantial heterogeneity, we planned to
investigate it using subgroup analyses and sensitivity analyses.
We would have considered whether an overall summary was
meaningful, and if it was, used a random-effects analysis to produce
it.

We planned to perform the following subgroup analyses.

1. Doses administered (one, at least two).
2. Trimester of administration.

Subgroup analysis for trimester of administration could not be
performed because the included studies did not report these data.

The following outcomes were used in subgroup analyses.

1. Neonatal tetanus cases.
2. Neonatal mortality all causes.
3. Serious harms.

We assessed subgroup differences by interaction tests available
within RevMan (RevMan 2014). We reported the results of subgroup
analyses quoting the Chi? statistic and P value, and the interaction
test 12 value.

Sensitivity analysis

We planned to carry out sensitivity analyses to explore the effect of
trial quality assessed by concealment of allocation, high attrition
rates, or both, with poor-quality studies being excluded from the
analyses in order to assess whether this makes any difference
to the overall result. However, due to an insufficient number of
included trials and no pooling of data, we did not carry out planned
sensitivity analyses in this update.

RESULTS

Description of studies

We included three trials involving 95,752 immunised individuals
(including women of reproductive age, pregnant women and
children aged one to 14 years) and 9871 infants born to them.

Results of the search

Searches performed for the present update yielded 628 citations.
Nine of them (corresponding to eight studies) were retrieved in
full form and examined. Only one study (reported in two papers)
fulfilled inclusion criteria. The remaining seven were excluded.

Searches performed for the last update (Demicheli 2013), provided
1253 citations. After careful evaluation of title and abstracts, we
retrieved 10 full-text articles and evaluated them for inclusion.
None of them satisfied our inclusion criteria and all were excluded.

Searches carried out for the first version of this review in 2005
(Demicheli 2005), identified 1738 potentially relevant studies.
Following analysis of the titles and of the available abstracts,
33 studies were retrieved and considered for inclusion. Only two
studies met the inclusion criteria; these had been published as full
paper articles. The 31 excluded studies were rejected because: they
had a study design different from that described in the protocol (28
studies) or dealt with treatments different from those considered
for this review (three studies).

Included studies
Types of studies

One trial used individual randomisation (Newell 1966), while the
other did not report details of randomisation methods and was
included as a quasi-randomised trial (Black 1980). One trial (Munoz
2014) tried to assess safety issues by using a randomised cross-over
design; thus, only the first part of the study (i.e. that concerning the
administration during pregnancy) was considered for inclusion.

Types of interventions

One study assessed the effects of aluminium phosphate adsorbed
tetanus toxoid (10LF) against polyvalent influenza vaccine (Newell
1966), one other study (Black 1980) assessed the effects of
adsorbed tetanus-diphtheria toxoid against cholera toxoid. A
third trial (Munoz 2014) compared the administration of Tetanus
Diphtheria acellular Pertussis vaccine (Tdap) with saline placebo.

Types of participants

The trial that compared tetanus-diphtheria toxoid with cholera
toxoid (Black 1980) included a total of 92,928 healthy women aged
at least 15 years, and children aged one to 14 years, who were
immunised with one or two doses of the vaccine preparations.
Follow-up was performed on 8641 infants born from this group of
women and began nine months afterimmunisation, to ensure that
women pregnant at the time of vaccination had been excluded from
the analysis.

In the trial with influenza vaccine as control (Newell 1966), 2776
women aged between 13 and 45 years were enrolled. They were
randomised to receive three doses of one vaccine preparation. Of
these, 1158 declined to receive any immunisation and their infants
were not included in the analysis (n = 601). Also, 136 infants born

Vaccines for women for preventing neonatal tetanus (Review)

13

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

1\ Cochrane
é) Library

Cochrane Database of Systematic Reviews

to theimmunised groups were notincluded in the analysis because
they were born before mothers could receive the first dose of the
vaccine. Overall, 1182 infants were included in the analysis.

The trial comparing Tetanus Diphtheria acellular Pertussis vaccine
(Adacel, Sanofi Pasteur) with saline placebo (Munoz 2014) was
carried out on 48 pregnant women, who where randomised 2:1 in
order to receive vaccine or placebo within 30th and 32nd weeks of
gestation. Their 48 newborns were also included in the analysis.
Treatment was then inverted after pregnancy (this phase is not
considered in the review).

A total of 9871 births were considered from the three studies
combined.

Types of outcome measures

Out of the two trials assessing effectiveness, one used cases
of neonatal tetanus, deaths from neonatal tetanus, and non-
tetanus deaths as outcome measures (Newell 1966); the other study
presented results in terms of neonatal mortality and mortality on
days four to 14 from birth (Black 1980). Follow-up periods covered
the first months of life while the two studies were carried out for five
(Newell 1966) and two years (Black 1980), respectively.

The outcomes of interest considered in Munoz 2014 are local
and systemic reactions within seven days after immunisation,
pregnancy outcomes, serious adverse events.

Date and location of the trials

Newell 1966 was carried out between 1961 and 1966 in the
'Corregimiento of Gachene' 45 km south-east of Cali, department
of Cauca, Columbia. Black 1980 took place between July 1974 and
March 1977 in the Matlab area of Bangladesh. Both were sponsored
by the Government, but for Newell 1966, the toxoid used was
provided by Lederle Laboratoires. Both studies were published
in WHO Bulletins. Munoz 2014 was performed between October
2008 and May 2012 in three National Institutes of Health Vaccine
Treatment Evaluation Unit in the United States (Houston, Durham
and Seattle).

Excluded studies

Altogether 47 studies were excluded for various reasons. The more
frequent causes of exclusion were due to the study design (i.e. not
a trial), inappropriate outcome, or intervention. For many studies
exclusion was due to more than one reason (see Characteristics
of excluded studies for further details). Excluded observational
studies assessing effectiveness of tetanus toxoid immunisation are
presented in Table 2. Results of excluded studies assessing safety
outcomes are resumed in Table 1.

Risk of bias in included studies

See Figure 1 and Figure 2, for summary of risk of bias.

Figure 1. 'Risk of bias' graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 2. 'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.

Blinding of paticipants and personnel (perdormance hias)

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Black 1980

iy

oy

=

—

o

o

ul [T
T =
= =
— i
u_'| —
T

= =
o o
? ? ? ?

Munoz 2014 | 7

LLY

Hewell 19686

@

.. - . Blinding of outcome assessment (detection bias)
~ | @ | @ | ncomplete outcome data (attrition bias)

® | ® | @ | selective reporting (reporting bias)

Allocation

The generation of random allocation sequence was adequate in
one study (Newell 1966); the reports of the other two studies
(Black 1980; Munoz 2014) did not give enough details on how the
allocation sequence was generated.

Allocation concealment was described and considered to be
adequate in two studies (Munoz 2014; Newell 1966), however,
the refusal of immunisation from already allocated participants
in Newell 1966 could have introduced a certain bias in selection.
The remaining study did not report details on the allocation
concealment procedures (Black 1980).

Blinding

All trials are reported as having double-blind design. In Newell
1966, the different colour of vials might have caused a higher refusal
rate in intervention group (about 10%). In the report of Black 1980,
there is not enough detail in the description of the methods to

know whether the vaccine had really been administered under
blind conditions. Since the outcome of interest was assessment of
the newborns, it is likely that investigators were not aware of the
immunisation status of the mothers. Also, in Munoz 2014, there is
no information provided to confirm whether the administration of
vaccine or placebo was performed under blind conditions.

Incomplete outcome data

In one of the two studies, there were no losses to follow-up (Black
1980); while the other one (Newell 1966) analysed the data "per-
protocol" and the information given in the report did not allow
us to re-analyse the results on an 'intention-to-treat' basis. In
Munoz 2014, there were no losses to follow-up for the outcomes
considered in this review.

Selective reporting

Not detected for any of the included trials.
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Other potential sources of bias

In one study (Black 1980), mortality between four and 14 days
is the only indicator outcome for neonatal tetanus death, and so
this study was assessed as being at an unclear risk of other bias.
In Newell 1966, it is uncertain whether the method used by birth
attendant for cutting and dressing the umbilical cord could have
had effect on outcome. Design, dimension and the absence of
power calculation and of a hypothesis to challenge make Munoz
2014 inadequate for safety assessment.

Effects of interventions

See: Summary of findings for the main comparison Tetanus
toxoid versus influenza vaccine for women to prevent neonatal
tetanus; Summary of findings 2 Tetanus diphtheria toxoid
immunisation of women of reproductive age compared with
cholera toxoid for preventing neonatal mortality; Summary of
findings 3 Local and systemic reactions after administration of
Tetanus Diphtheria acelluar Pertussis vaccine versus saline placebo
in pregnant women

Three trials involving a total of 9871 infants were included.

Comparison: Tetanus toxoid versus influenza vaccine
Primary outcome
Neonatal tetanus deaths

One study (Newell 1966) assessed the effectiveness of tetanus
toxoid in preventing neonatal tetanus deaths after one-dose and
two- or three-dose vaccination courses. Altogether, 494 births after
a single-dose vaccination were considered; the risk ratio (RR) of
death was 0.57 (95% confidence interval (Cl) 0.26 to 1.24), Analysis
1.1.

Six-hundred and eighty-eight births were assessed after a two- or
three-dose course; the RR of death was 0.02 (95% CI 0.00 to 0.30),
Analysis 1.1.

The test for subgroup differences indicated a difference between
the two courses of vaccination: Chi? = 5.38, df =1 (P = 0.02), 1> =
81.4%.

Considering the total of 1182 births independently from the
number of received doses, the average RR was 0.12 (95% Cl 0.00 to
7.88), Analysis 1.1, using a random-effects model (Heterogeneity:
Tau?=8.03; Chi?=8.34, df = 1 (P = 0.004); 12 = 88%).

All causes of death

Considering deaths for all causes, no significant effect could be
observed after one dose of vaccine: the RR was 1.08 (95% CI 0.65 to
1.79;494 infants), Analysis 1.2; whereas a significant effect was seen
with two or three doses of tetanus toxoid (RR 0.31; 95% CI 0.17 to
0.55; 688 infants), Analysis 1.2. This positive association could not
be found when the total study population was taken into account
(average RR 0.58; 95% Cl 0.17 to 1.99; 1182 infants), Analysis 1.2,
using a random-effects model (Heterogeneity: Tau® = 0.71; Chi® =
10.14, df=1 (P =0.001); I2=90%).

The test for subgroup differences indicated a difference between
the two courses of vaccination: Chi? = 10.02, df =1 (P = 0.002), I> =
90.0%.

Tetanus cases

One-thousand, one-hundred and eighty-two births were analysed
in order to assess the effects of at least a single dose of tetanus
toxoid on cases of neonatal tetanus. The RR was 0.20 (95% CI 0.10
to 0.40); Analysis 1.3.

Non pre-specified outcomes
Death from non-neonatal tetanus causes

The same study (Newell 1966) did not detect any effects on causes
of death other than tetanus after one dose (RR 2.14, 95% CI 0.97
to 4.76; 494 infants), Analysis 1.4; and after two or three doses (RR
0.75,95% CI 0.38 to 1.47; 688 infants), Analysis 1.4. The average RR
considering the total population was 1.24 (95% C1 0.44 to 3.47; 1182
infants), Analysis 1.4, using arandom-effects model (Heterogeneity:
Tau?=0.41; Chi?=3.89, df= 1 (P = 0.05); I = 74%).

The test for subgroup differences indicated no difference between
the two courses of vaccination: Chi? = 3.89, df =1 (P = 0.05), I* =
74.3%.

Comparison: Tetanus diphtheria toxoid versus cholera toxoid
Primary outcome
Neonatal mortality

One study (Black 1980), considered the effectiveness of tetanus
diphtheria toxoid in preventing neonatal mortality after one or
two doses up to 32 months from vaccination. Eight-thousand, six-
hundred and forty-one births were assessed and the RR accounted
for 0.68 (95% CI 0.56 to 0.82); Analysis 2.1.

Four to 14 days neonatal mortality

The same study (Black 1980) considered the effectiveness on four
to 14 days neonatal mortality. The average RR was 0.38 (95% C1 0.27
to 0.55); Analysis 2.2.

Comparison: Tetanus diphtheria acellular pertussis vaccine
versus placebo

Primary outcome
Serious adverse events

None of the serious adverse events observed in mothers and
children (Munoz 2014) was judged to be attributable to the effect
of vaccination. Gestational age, birth weight, Apgar score, and
neonatal complications did not differ significantly among exposed
and unexposed children.

Secondary outcomes

Pain at the injection site was experienced more frequently from
pregnant women immunised with Tetanus diphtheria acellular
pertussis vaccine than from those who received placebo (RR 5.68,
95% Cl 1.54 to 20.94); Analysis 3.1. Occurrence of other local
(erythema, induration) and systemic (fever, headache, malaise,
myalgia) reactions within seven days after immunisation was
not statistically different between vaccine and placebo recipients.
Reported local and systemic reactions were mainly of mild or
moderate intensity.
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DISCUSSION

For this systematic review only two experimental studies assessing
the effectiveness of tetanus toxoid in preventing neonatal tetanus
have been found (Black 1980; Newell 1966). The size of the
population included in the studies and the consistency of
the results allow us to draw some conclusions. One study
exclusively randomised non-pregnant women (Black 1980). The
main outcomes were measured on infants born to a subset
of those randomised women who became pregnant during the
course of the studies. One small trial (Munoz 2014) reported local
and systemic reactions observed after administration of tetanus
diphtheria acellular pertussis vaccine to pregnant women.

Summary of main results

There is a moderate level of evidence that the effectiveness
of vaccination with tetanus toxoid in preventing deaths from
neonatal tetanus appears to be high when two or more doses are
administered. Tetanus toxoid is also effective in preventing cases
of neonatal tetanus (moderate level of evidence). The vaccination
does not exert effects on causes of death other than tetanus, even
when two or three doses have been administered (moderate level
of evidence).

The two studies apparently show differences in the estimates of
effect, but these differences are understandable when considering
that the study showing lower effectiveness (Black 1980), was
assessing a different intervention (vaccination with only one or
two doses) and a less specific outcome (all causes neonatal deaths
occurring four to 14 days from birth, low level of evidence).

In the interpretation of the results, it must be also considered that
one study (Newell 1966), had a third arm containing participants
who refused vaccination and that data from this arm were not
included in the analysis.

Because of the limited number of eligible experimental studies
included in this review, we decided to carry out an extended
search in order to retrieve all the available comparative studies
on this topic. The same databases were explored in order to
identify cohort, case-control studies and other non-randomised
study designs. Seven further studies were identified (four surveys
comparing the disease incidence before and after the introduction
of the immunisation campaign, two case-control studies and a
cohort study). The characteristics of these studies are summarised
in additional Table 2. Altogether 37,352 births were surveyed by the
prospective studies and 552 participants were included in the case-
control studies. All the studies but one confirmed the existence of
a significant protective effect of an immunisation course of at least
two doses of tetanus toxoid on the incidence of neonatal tetanus.

Adverse effects from non-experimental studies

Among the excluded studies, we identified two studies evaluating
the safety of tetanus toxoid. One was carried out in order to
evaluate of the safety of different types of vaccine's adjuvants
(MacLennan 1965) and the second was a case-control study
assessing the association between vaccination and congenital
anomalies (Silveira 1995). In one further study (Salama 2009),
pregnant women experienced pain atinjection site more frequently
after combined tetanus diphtheria administration than after
tetanus toxoid alone. Their characteristics are described in
additional Table 1.

Overall completeness and applicability of evidence

In conclusion, this review shows that vaccination of women with
tetanus toxoid is effective in preventing neonatal tetanus cases and
deaths specifically caused by neonatal tetanus. Even if the evidence
is derived mainly from a single study, this appears to be solid
and consistent with the findings of all other comparative studies
presently available.

Quality of the evidence

Two trials performed on 9823 newborns assessing effectiveness
of vaccination and one trial including 48 pregnant women
assessing the occurrence of local and systemic following vaccine
administration were included in the review. A certain degree of
bias in selection could affect effectiveness estimates in Newell
1966, as some participant refused to participate after allocation
and during administration (labels on the vials were of different
colours and it was noticed early on in the trial that injection with
one of the two preparations was more painful). For these reasons
(downgrading of Design & Implementation due to selection bias),
the GRADE level of evidence relative to the effect estimate of two
or three doses of tetanus toxoid in preventing neonatal tetanus
deaths, all causes of death within the first 30 days of life and of
at least one dose of toxoid in preventing neonatal tetanus cases is
moderate. GRADE level relative to the effect estimate of one tetanus
toxoid dose in preventing neonatal tetanus deaths and all causes of
death within the first 30 day of life is low because there is further
downgrading due to imprecision. In Black 1980, information about
allocation and blinding in the report were insufficient (Design &
Implementation, selection bias); authors used an indirect outcome
for neonatal tetanus mortality (indirectness). The GRADE level of
evidence for the effect estimate of tetanus diphtheriaimmunisation
during pregnancy in preventing neonatal mortality is low. Munoz
2014 was performed on a limited number of participants (48) and
was not powered to test any specific hypothesis and not suitable for
detecting rare vaccine-related events (imprecision). Only the first
part of the study has been included in analysis and considered as
a parallel group trial. The GRADE level of effect estimates for local
and systemic reactions is moderate.

The reasons for the low performance presently achieved by the
vaccination campaigns should be sought outside the field of
vaccine efficacy and are probably related to organisational and
quality issues. Our review did not find evidence on the main factors
that can have negative influence on the impact of theimmunisation
practice and that may justify the present low level of performance
of the campaign (Dietz 1996; WHO 1999).

Potential biases in the review process

Future research should concentrate on evaluating factors that may
have a negative impact on the immunisation practice and look for
possible interventions in order to improve the performance of the
campaign.

Agreements and disagreements with other studies or
reviews

Our findings and conclusions are in agreement with those of a
recently published systematic review (Blencowe 2010) evaluating
trials and observational studies. However, the authors of this
review did perform a meta-analysis based on neonatal tetanus
death cases reported in Newell 1966 (a randomised controlled trial)
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and Gupta 1998 (a cohort study). Black 1980 was excluded because
the proxy outcome used in this trial (neonatal mortality between
four and 14 days of life) was judged too unspecific.

AUTHORS' CONCLUSIONS

Implications for practice

From the three trials reviewed, the available evidence supports
the implementation of immunisation with tetanus toxoid in
communities with similar, or higher, levels of risk of neonatal
tetanus.

Implications for research

More information is needed on factors that may have a negative
impact on the immunisation practice and on the effectiveness of
interventions implemented in order to improve the performance of
the campaign.
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Methods
adopted manner of randomisation.

Volunteers received 1 of the 2 treatments on a double-blind basis, there was no information about the

Participants

Children between 1 and 14 years of age and non-pregnant women at least 15 years old from Matlab, a

community in rural Bangladesh. Altogether 92,928 participants were immunised and their 8641 infants

followed up.

Interventions
dose, intramuscular, double-blind.

1 or 2 doses of adult dose Al-adsorbed tetanus-diphtheria toxoid vs cholera toxoid. Both as 0.5 mL

Outcomes

Neonatal mortality on days 4-14 (as indicator for neonatal tetanus).

Neonatal mortality. Both assessed on 2 following birth cohorts.
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Black 1980 (continued)

Notes Immunisations carried out between July 1974 and August 1974. Neonatal outcomes were assessed dur-
ing 'censuses' between April 1975 and March 1977. Government supported.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Descibed as randomised but no description about sequence generation is

tion (selection bias) present.

Allocation concealment Unclear risk Allocation concealment not described.

(selection bias)

Blinding of participants Unclear risk Described as double-blind but reported details do not allow to state whether

and personnel (perfor- the study was really carried out under blind conditions.

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcomes of interest (death cases occurred among newborns during the first

sessment (detection bias) 28 days) assessed by means of demographic surveillance system.

All outcomes

Incomplete outcome data  Low risk No loss from follow-up (infants).

(attrition bias)

All outcomes

Selective reporting (re- Low risk Not detected.

porting bias)

Other bias Unclear risk Mortality between 4 and 14 days is only an indicator outcome for neonatal

tetanus death.
Overall risk of bias Unclear risk Indirect estimate of effectiveness.

Munoz 2014

Methods

Phase 1-2 randomised, double-blind, placebo-controlled, cross-over trial (see notes) carried out
through 3 National Institutes of Health in Houston, Durham, Seattle (USA) between October 2008 and
May 2012. Both academic and private obstetric office practices were included.

Participants

Healthy pregnant women aged 18 to 45 years and at low risk for obstetrical complications, with no un-
derlying chronic medical conditions, a singleton pregnancy, and prenatal evaluation that predicted

an uncomplicated pregnancy with normal first or second trimester screening test results and detailed
anatomic fetal ultrasound at 18 to 22 weeks' gestation were invited to participate. Out of the 172 who
agreed 76 were excluded because they met exclusion criteria (prior receipt of Tdap, medical condition,
high-risk pregnancy, mental illness, smoker, receipt of blood products, receipt of TT or tetanus and
diphtheria vaccine during the past 2 years), a further 18 were excluded because they did not meet in-
clusion criteria. The remaining 48 were randomised (2:1) to receive 1 dose of Tdap or saline placebo be-
tween the 30th and 32nd gestation week.

An age-matched comparison group of healthy non-pregnant women was open label immunised with
Tdap. Children were also immunised with DTaP (Pentacel, Sanfi) and Hib at 2, 4, 6, and 12 months of
age.

Interventions

Participants were randomised 2:1 within each centre (block randomisation) in order to receive 1 intra-
muscular dose of either:
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Munoz 2014 (Continued)

- Licensed Tdap vaccine (Adacel, Sanofi Pasteur): 1 a 0.5-mL injection containing 5 Lf TT, 2 Lf diph-
theria toxoid, 2.5 pg detoxified pertussis toxin, 5 pg filamentous hemagglutinin, 3 ug pertactin, and

5 ug fimbriae types 2 and 3 in a sterile liquid suspension adsorbed onto aluminium phosphate in sin-
gle-dose vials.

- Saline control (Hospira Inc): 0.9% sodium chloride. Each vial (2 mL) was used for a single intramuscu-
lar dose of 0.5 mL.

Women who received saline during pregnancy (n = 15) were given Tdap vaccine postpartum prior to
hospital discharge, and women who received Tdap during pregnancy (n = 33) were given saline post-
partum.

Outcomes

1) Injection site reactions: pain, erythema/redness, induration/swelling.
2) Systemic reactions: fever (oral temperature = 38°C), headache, malaise, myalgia.

Assessed by 30-minute observation and completion of a 7-day symptom diary after each injection.

3) Adverse events and serious adverse events:

for pregnant women they were recorded from the day of antepartum vaccination to 4 months postpar-
tum;

for infants they were recorded from birth to approximately 13 months of age;

for non-pregnant women, for 6 months after Tdap immunisation.

Attribution of an adverse event to vaccination was judged by the investigators considering temporality,
biologic plausibility, and identification of alternative etiologies for each event.

4) Pregnancy outcomes: documented for mothers and infants at the time of delivery through review of
delivery records.

5) Infant growth: weight, length, and fronto-occipital circumference were assessed at each study visit at
ages 2, 7 and 13 months, Bayley-lll Scales of Infant and Toddler Development at the last study visit.

6) Immunogenicity assessment (ELISA).

Notes

For the review's purpose, only the first part of the study (i.e. vaccine administration during pregnancy)
isincluded and considered as parallel group trial.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk The study is reported as randomised, but no description of the method of ran-

tion (selection bias) domisation or about generation of allocation sequence is present in the text.

Allocation concealment Low risk From the "Methods" section:"Randomization was stratified by site with random

(selection bias) block sizes. Each participant was assigned a unique treatment number that cor-
responded to her treatment allocation". 1 woman received pharmacy stock vac-
cine outside randomisation. No information about block size, also considering
the small number of participants at each site.

Blinding of participants Unclear risk From the "Methods" section:"Only the unblinded vaccine administrator had ac-

and personnel (perfor- cess to the treatment allocation". Not clear whether vaccine and placebo were

mance bias) distinguishable for their appearance.

All outcomes

Blinding of outcome as- Unclear risk Local and systemic adverse event were reported on a diary symptoms card.

sessment (detection bias) Bias in detection should instead be low for adverse events and pregnancy out-

All outcomes comes.
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Munoz 2014 (Continued)

Incomplete outcome data  Low risk All mothers accounted for safety assessment. 1 child born from a vaccinated
(attrition bias) mother and 2 children born from mothers who received saline placebo as first
All outcomes were lost from follow-up.

Selective reporting (re- Low risk All outcomes in the methods has been assessed.

porting bias)

Other bias High risk Sample size. Authors did not power the study to test any specific hypothesis.
The study was designed and preformed as cross-over trial: only the first part of
the study was included in the review and considered as parallel group trial.

Overall risk of bias High risk Not conceived and not powered to detect possible important safety issue or

consequence of tetanus immunisation during pregnancy.

Newell 1966

Methods

RCT (all registered were allotted a code number according to their ascertainment, which was previ-
ously randomly divided in 2 groups, A and B. Those who declined to participate were placed in a third

group C,n=1158).

Participants

Women between 13 and 45 years of age from Corregimiento of Guacene (Colombia) were immunised
with TT or polyvalent influenza vaccine (n = 1618). Follow-up was carried out on 1182 infants.

Interventions

1 or2-3 doses of 10 LF AIPO4 adsorbed TT vs polyvalent influenza vaccine, 1 mL intramuscularly, both
preparations were not perfectly undistinguishable.

Outcomes Incidence of neonatal tetanus cases or deaths.
Non-tetanus death among the newborns in the 5 years following the immunisation.

Notes Carried out between 1961 and 1965. Lederle Laboratories provided TT.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random sampling number.

tion (selection bias)

Allocation concealment Unclear risk Even if formally adequate (i.e. code numbers allotted to participant women by

(selection bias) order of ascertainment; code numbers were previously randomised to treat-
ment and control arm), injected preparations were not perfectly indistinguish-
able (see below). Refusal of immunisation could have introduced some bias in
selection.

Blinding of participants High risk Vial labels were of different colours. It was noted early by both participants

and personnel (perfor- and personnel that 1 of the 2 preparations was more painful after inoculation.

mance bias) This together with refusal (see above) might have caused an higher refusal rate

All outcomes in intervention group (about 10%).

Blinding of outcome as- Low risk Even if not described, it is plausible that outcome assessors were unaware of

sessment (detection bias) the immunisation status of the women.

All outcomes

Incomplete outcome data  Unclear risk Not estimable.

(attrition bias)

Vaccines for women for preventing neonatal tetanus (Review) 25

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Newell 1966 (continued)
All outcomes

Selective reporting (re- Low risk Not detected.
porting bias)

Other bias Unclear risk The method of cutting and dressing the umbilical cord by birth attendant
could have had an effect on outcome.

Overall risk of bias Unclear risk Apart from possible bias in selection, this study could provide a reliable esti-
mate of effectiveness.

ELISA: enzyme-linked immunoabsorbent assay

Hib: H. Influenza

RCT: randomised controlled trial

Tdap: tetanus-diphtheria acellular pertussis vaccine

TT: tetanus toxoid

VS: versus

10 LF AlPO4: aluminium phosphate absorbed tetanus toxoid

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Abu Raya 2014 Not a trial. Serological outcomes only: antibody titre against tetanus and diphtheria in paired ma-
ternal cord sera.

Abuwa 1997 Not a trial.
Al-Safi 2011 Narrative review.
Anh 1999 Not a trial. Serological measurement with means of the Toxin Binding Inhibition Test on pregnant

women and children after 2 doses TT.

Axelsson 2002 Review on umbilical cord care and prevention of infections.

Aylward 1996 Surveillance study.

Baltazar 1994 Case-control study on efficacy of prenatal TT immunisation in preventing neonatal tetanus.
Basher 2010 Cross-sectional study assessing vaccination coverage and educational status in a sample of under-

graduate female students in Bangladesh.

Berggren 1971 Retrospective survey.
Blencowe 2010 Systematic review.
Canning 2011 Follow-up study assessing schooling attainment on babies born from mothers who were immu-

nised several years earlier (Black 1980).

Chai 2004 Case-control study.
Chongsuvivatwong 1993 Incidence of neonatal tetanus mortality before and after mass immunisation in Thailand.
de Walque 2008 Not comparative.
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Study Reason for exclusion
Dhillon 1975 Not a trial. Only serological outcomes.
Dietz 1996 Review.

Erener-Ercan 2014

Not a trial. Serological outcomes only: antibody titre against tetanus and diphtheria in paired ma-
ternal cord sera.

Gupta 1998

Cohort study.

Halperin 2011

Interventions (vaccine or placebo) were administered after delivery (post-partum study)

Hardy-Fairbanks 2013

Not a trial (cohort study). Antibody titre in maternal, cord blood and infant.

Hasnain 2007

Survey assessing the reasons for low vaccination coverage.

Heredia 1968

Not a trial. Only serological assessment.

Hlady 1992

Case-control study.

Hurmez 2012

Not a comparative study. Seroprevalence and TT vaccine coverage assessed on a sample of 600
pregnant women in Iraq.

Juan-Giner 2014

Trial assessing antibody response to 2 TT vaccines that underwent either controlled temperature
chain or standard cold chain in women between 14 and 49 years.

Kielmann 1977

Not a trial. Administration of TT with 2 different adjuvants in women of reproductive age. Only
serological outcomes.

Koenig 1998

Not a trial. 10-year follow-up conducted on half of the area where Black 1980 was carried out.

Krishnan 2013

Study assessing whether differential excess mortality among Indian girl children could be associat-
ed with vaccinations (GBS, DTP, measles).

Lassi 2010

Cochrane review about efficacy of community-based intervention packages to prevent neonatal
tetanus. Vaccination is not included.

MacLennan 1965

No intervention: administration of vaccines containing same toxoids but different adjuvants in
women of reproductive age. Efficacy outcomes are only serological.

Mulholland 1996

No intervention: trial with polyribosylribitol phosphate-tetanus vaccine.

Nohynek 1999

No intervention: participants were children receiving conjugate Hib and DTP vaccine, who were
born from mother immunised with different doses of TT (0, 1, 2, 3 and more).

Orozova-Bekkevold 2007

Not about tetanus immunisation.

Perry 1998

Report on TT immunisation coverage.

Rahman 1982b

Consensus to vaccination.

Rahman 1982a

Not a trial. Vaccination of pregnant women with 3 doses of TT. Immunisation program conducted in
half of the Matlab area after Black 1980.

Relyveld 1991

Only serological outcomes.
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Study

Reason for exclusion

Salama 2009

Efficacy outcome is not of interest: immune response to vaccination assessed in women after im-
munisation.

Schofield 1961 Not a trial.

Shakib 2013 Cohort study.

Silveira 1995 Case-control to assess relationship between exposition to TT in pregnancy and malformation in the
newborns.

Stanfield 1973 Not a trial. Variation of seral antitoxin after administration of different TT preparation to pregnant
women.

Suri 1964 Not a trial. Different TT preparations were administered and antitoxins in cord blood were mea-
sured.

Tall 1991 Case-control study.

Traverso 1991 Case-control study for assessing risk of developing neonatal tetanus, TT immunisation of the moth-
ers was not evaluated as associated factor.

Yala 1980 Not a trial.

Yusuf 1991 Follow-up survey to determine incidence of neonatal tetanus before and after a vaccination cam-

paign in Indonesia.

DTP: diphtheria, tetanus and pertussis
GBS: group B streptococcus

Hib: H. Influenza

TT: tetanus toxoid

DATA AND ANALYSES

Comparison 1. Tetanus toxoid versus influenza vaccine

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Neonatal tetanus deaths 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
1.1 One dose 1 494 Risk Ratio (M-H, Fixed, 95% Cl) 0.57[0.26, 1.24]
1.2 Two or three doses 1 688 Risk Ratio (M-H, Fixed, 95% Cl) 0.02 [0.00, 0.30]
2 All causes of death 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
2.10ne dose 1 494 Risk Ratio (M-H, Fixed, 95% Cl) 1.08 [0.65, 1.79]
2.2 Two or three doses 1 688 Risk Ratio (M-H, Fixed, 95% Cl) 0.31[0.17,0.55]
3 Neonatal tetanus cases 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
3.1 Any dose 1 1182 Risk Ratio (M-H, Fixed, 95% CI) 0.20[0.10, 0.40]
4 Deaths from non-neonatal tetanus 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
causes (not prespecified)
4.1 One dose 1 494 Risk Ratio (M-H, Fixed, 95% Cl) 2.14[0.97,4.76]
4.2 Two or three doses 1 688 Risk Ratio (M-H, Fixed, 95% Cl) 0.75[0.38, 1.47]

Analysis 1.1. Comparison 1 Tetanus toxoid versus influenza vaccine, Outcome 1 Neonatal tetanus deaths.

Study or subgroup Tetanus toxoid Influenza Risk Ratio Weight Risk Ratio
vaccine
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 One dose ‘
Newell 1966 9/224 19/270 l 100% 0.57[0.26,1.24]
Subtotal (95% CI) 224 270 <& 100% 0.57[0.26,1.24]
Total events: 9 (Tetanus toxoid), 19 (Influenza vaccine)
Heterogeneity: Not applicable
Test for overall effect: Z=1.42(P=0.16)
1.1.2 Two or three doses
Newell 1966 0/341 27/347 —.— 100% 0.02[0,0.3]
Subtotal (95% CI) 341 347 ——e— 100% 0.02[0,0.3]
Total events: 0 (Tetanus toxoid), 27 (Influenza vaccine)
Heterogeneity: Not applicable
Test for overall effect: Z=2.8(P=0.01)
Test for subgroup differences: Chi*=5.38, df=1 (P=0.02), 1>=81.41%
Favours tetanus toxoid ~ 0.001 0.1 1 10 1000 Favours influenza

Analysis 1.2. Comparison 1 Tetanus toxoid versus influenza vaccine, Outcome 2 All causes of death.

Study or subgroup Tetanus toxoid Influenza Risk Ratio Weight Risk Ratio
vaccine
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 One dose ‘
Newell 1966 25/224 28/270 —.— 100% 1.08[0.65,1.79]
Subtotal (95% Cl) 224 270 ‘ 100% 1.08[0.65,1.79]
Total events: 25 (Tetanus toxoid), 28 (Influenza vaccine)
Heterogeneity: Not applicable
Test for overall effect: Z=0.28(P=0.78)
1.2.2 Two or three doses
Newell 1966 14/341 46/347 B 100% 031(0.17,0.55]
Subtotal (95% Cl) 341 347 ~a 100% 0.31[0.17,0.55]
Total events: 14 (Tetanus toxoid), 46 (Influenza vaccine) ‘ ‘ ‘ ‘ ‘ ‘
Favours tetanus toxoid 01 02 0.5 1 2 5 10 Favoursinfluenza
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Study or subgroup Tetanus toxoid Influenza Risk Ratio Weight Risk Ratio
vaccine
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Heterogeneity: Not applicable
Test for overall effect: Z=3.97(P<0.0001)
Test for subgroup differences: Chi*=10.02, df=1 (P=0), 1>=90.02%

Favours tetanus toxoid 01 0.2 0.5 1 2 5 10 Favoursinfluenza

Analysis 1.3. Comparison 1 Tetanus toxoid versus influenza vaccine, Outcome 3 Neonatal tetanus cases.

Study or subgroup Tetanus toxoid Influenza Risk Ratio Weight Risk Ratio
vaccine
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 Any dose
Newell 1966 9/565 49/617 —.— 100% 0.2[0.1,0.4]
Subtotal (95% CI) 565 617 - 100% 0.2[0.1,0.4]

Total events: 9 (Tetanus toxoid), 49 (Influenza vaccine)
Heterogeneity: Not applicable
Test for overall effect: Z=4.49(P<0.0001)

Favours tetanus toxoid ~ 0-01 0.1 1 10 100 Favours influenza

Analysis 1.4. Comparison 1 Tetanus toxoid versus influenza vaccine,
Outcome 4 Deaths from non-neonatal tetanus causes (not prespecified).

Study or subgroup Tetanus toxoid Influenza Risk Ratio Weight Risk Ratio
vaccine
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 One dose
Newell 1966 16/224 9/270 —.— 100% 2.14[0.97,4.76)
Subtotal (95% CI) 224 270 e 100% 2.14[0.97,4.76]
Total events: 16 (Tetanus toxoid), 9 (Influenza vaccine)
Heterogeneity: Not applicable
Test for overall effect: Z=1.87(P=0.06)
1.4.2 Two or three doses
Newell 1966 14/341 19/347 —.—— 100% 0.75[0.38,1.47]
Subtotal (95% CI) 341 347 —al— 100% 0.75[0.38,1.47]
Total events: 14 (Tetanus toxoid), 19 (Influenza vaccine)
Heterogeneity: Not applicable
Test for overall effect: Z=0.84(P=0.4)
Test for subgroup differences: Chi*=3.89, df=1 (P=0.05), 1’=74.27%
Favours tetanus toxoid 01 02 0.5 1 2 5 10 Favoursinfluenza
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Comparison 2. Tetanus diphtheria toxoid versus cholera toxoid

Outcome or subgroup title No. of No. of par-  Statistical method Effect size
studies ticipants

1 Neonatal mortality 1 8641 Risk Ratio (M-H, Fixed, 95% Cl) 0.68 [0.56,0.82]

2 Four to 14 days neonatal mortality 1 8641 Risk Ratio (M-H, Fixed, 95% Cl) 0.38[0.27,0.55]

Analysis 2.1. Comparison 2 Tetanus diphtheria toxoid versus cholera toxoid, Outcome 1 Neonatal mortality.

Study or subgroup Td toxoid Cholera toxoid Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Black 1980 173/4255 262/4386 B 100% 0.68[0.56,0.82]
Total (95% Cl) 4255 4386 L 2 100% 0.68[0.56,0.82]

Total events: 173 (Td toxoid), 262 (Cholera toxoid)
Heterogeneity: Not applicable

Test for overall effect: Z=4.03(P<0.0001)

Favours tetanus toxoid 01 0.2 0.5 1 2 5 10 Favours cholera toxoid

Analysis 2.2. Comparison 2 Tetanus diphtheria toxoid versus
cholera toxoid, Outcome 2 Four to 14 days neonatal mortality.

Study or subgroup Tetanus toxoid Cholera toxoid Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Black 1980 41/4255 110/4386 B 100% 0.38[0.27,0.55]
Total (95% CI) 4255 4386 - 100% 0.38[0.27,0.55]

Total events: 41 (Tetanus toxoid), 110 (Cholera toxoid)
Heterogeneity: Not applicable
Test for overall effect: Z=5.26(P<0.0001)

Favours tetanus toxoid 01 0.2 0.5 1 2 5 10 Favours cholera toxoid

Comparison 3. Tetanus Diphtheria Acellular pertussis versus saline placebo local and systemic reactions

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

1 Injection site reactions 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 Pain at injection site 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 5.68 [1.54,20.94]
1.2 Erythema - redness 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 1.36[0.15, 12.05]
1.3 Induration - swelling 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 3.29[0.18, 60.05]
1.4 Any injection site symptoms 1 48 Risk Ratio (M-H, Fixed, 95% CI) 3.94[1.41,11.01]
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Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

2 Systemic reactions 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
2.1 Fever (oral temperature = 38°C) 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 1.41[0.06, 32.78]
2.2 Headache 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 1.67[0.54,5.11]
2.3 Malaise 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 0.91[0.19, 4.43]
2.4 Myalgia 1 48 Risk Ratio (M-H, Fixed, 95% CI) 5.18[0.30, 88.02]
2.5 Any systemic symptoms 1 48 Risk Ratio (M-H, Fixed, 95% CI) 1.82[0.60, 5.51]

Analysis 3.1. Comparison 3 Tetanus Diphtheria Acellular pertussis versus
saline placebo local and systemic reactions, Outcome 1 Injection site reactions.

Risk Ratio

M-H, Fixed, 95% CI

B 100% 5.68[1.54,20.94]
—~

100% 5.68[1.54,20.94]

Risk Ratio
M-H, Fixed, 95% CI

Study or subgroup Experimental Control

n/N n/N

Weight

3.1.1 Pain at injection site

Munoz 2014 25/33 2/15
Subtotal (95% Cl) 33 15
Total events: 25 (Experimental), 2 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=2.61(P=0.01)

3.1.2 Erythema - redness
Munoz 2014 3/33 1/15
Subtotal (95% Cl) 33 15

1.36[0.15,12.05]
1.36[0.15,12.05]

—.— 100%
"“" 100%
Total events: 3 (Experimental), 1 (Control)

Heterogeneity: Not applicable
Test for overall effect: Z=0.28(P=0.78)

3.1.3 Induration - swelling
Munoz 2014 3/33 0/15 E 100%
Subtotal (95% Cl) 33 15 e —— 100%

3.29[0.18,60.05]
3.29[0.18,60.05]
Total events: 3 (Experimental), 0 (Control)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.8(P=0.42)

3.1.4 Any injection site symptoms
Munoz 2014 26/33 3/15
Subtotal (95% Cl) 33 15

B 100% 3.94141,11.01]
’

100% 3.94[1.41,11.01]
Total events: 26 (Experimental), 3 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=2.62(P=0.01)

Vaccine 001 0.1 1 10 100

Placebo
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Analysis 3.2. Comparison 3 Tetanus Diphtheria Acellular pertussis versus
saline placebo local and systemic reactions, Outcome 2 Systemic reactions.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.2.1 Fever (oral temperature = 38°C) ‘
Munoz 2014 1/33 0/15 . 100% 1.41[0.06,32.78]
Subtotal (95% CI) 33 15 ——— 100% 1.41[0.06,32.78]
Total events: 1 (Experimental), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.21(P=0.83)
3.2.2 Headache
Munoz 2014 11/33 3/15 _.— 100% 1.67[0.54,5.11]
Subtotal (95% Cl) 33 15 i 100% 1.67[0.54,5.11]
Total events: 11 (Experimental), 3 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.89(P=0.37)
3.2.3 Malaise
Munoz 2014 4/33 2/15 —B— 100% 091(0.19,4.43]
Subtotal (95% Cl) 33 15 ‘ 100% 0.91[0.19,4.43]
Total events: 4 (Experimental), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.12(P=0.91)
3.2.4 Myalgia
Munoz 2014 5/33 0/15 . 100% 5.18[0.3,88.02]
Subtotal (95% CI) 33 15 e — 100% 5.18[0.3,88.02]
Total events: 5 (Experimental), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.14(P=0.26)
3.2.5 Any systemic symptoms
Munoz 2014 12/33 3/15 B 100% 1.82(0.6,5.51]
Subtotal (95% ClI) 33 15 . 100% 1.82[0.6,5.51]
Total events: 12 (Experimental), 3 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.06(P=0.29)
Test for subgroup differences: Chi*=1.21, df=1 (P=0.88), 1>=0% ‘ ‘ ‘ ‘
Vaccine 001 0.1 1 10 100 placebo
ADDITIONAL TABLES
Table 2. Non-randomised studies
Refer- Design Study Population Treatment Outcomes Results
ences
Baltazar Case-con- 54 neonates admitted Immunisation with Incidence of immunisation: Protective effect
1994 trolstudy.  to hospital diagnosed TT, considered im- cases (1/54), controls (12/49).  against NT if at least 2
with NT. 50 munised if received doses of TT.
at least 2 doses of
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Table 2. Non-randomised studies (continued)

controls 1 to 4 months
old admitted for causes
otherthan NT.

TT during pregnan-
cy, otherwise not.

Manila.
Chai2004  Case-con-  Cases: 60 children with Mother of children TT immunisation status of Receiving of 1 or more
trolstudy.  NT (WHO case defini- were immunised the mothers and otherinfor- ~ of TT was significant
Surveil- tion) reported by cards with TT. No infor- mation (maternal: age, edu- protective against NT.
lance da- and hospital record in mation about the cation level, annual income Maternal age, educa-
taafter TT  Bobai country (province  number of admin- <1000 Yuan; infant: gender, tion, family income,
mass im- of Guangxi, China) to istered doses is re- order of birth, home deliv- birth order, parental
munisa- the National Notifi- ported. ery; parental knowledge and knowledge, were also
tioncam-  able Disease Reporting attitude regarding NT) were significantly associat-
paign car-  System (NNDRS) from assessed by means of a de- ed with NT.
ried out 1.1.97 t0 30.4.98. Only tailed questionnaire given
1995to children with accurate to parents of both cases and
1996 in locating information controls. TT immunisation
320 out were included. Con- history was based only of
of 560 trols: 60 infants born in mother's recall because they
countries  the same village as the were not provided with vacci-
reaching cases. nal records. Mothers of 7 cas-
about 23 es and 17 controls received
million previously TT.
women
aged 18 to
35 years,
were al-
so report-
ed. Cover-
age with
2 doses
of TT was
estimate
10%. Sur-
veillance
data of
1996 to
2001 were
analysed.
Gupta Survey. 1688 pregnant women. Immunisation with Deaths from NT within 3to 30  Immunisation during
1998 India. TT, considered im- days of birth. the antenatal period
munised if received is highly protective
2 doses of TT at against occurrence of
least 4 weeks apart NT.
or a booster dose.
Partially immu-
nised, if received
1dose of TT either
during the current
pregnancy or in the
past 3 years.
Hlady Case-con- Infants with clinical- Immunisation with  Incidence of immunisation: Immunisation failed to
1992 trolstudy. ly-diagnosed tetanus.3  TT,2 doses 4 weeks  cases (33/112), controls provide the expected

controls. Bangladesh.

apart, with second
dose administered
at least 30 days be-
fore delivery.

(122/336).

high level of protec-
tion.

Vaccines for women for preventing neonatal tetanus (Review)
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Table 2. Non-randomised studies (continued)

Yusuf Follow-up ~ Women aged 10 to 45 Immunisation with ~ Deaths from NT within3to 28  Immunisation caused
1991 survey. years. Indonesia. TT, 1 or2doses. days of birth. an 85% reduction of
NT.
Chongsu-  Survey Women aged 15 to 45 Immunisation with ~ Cases of NT. Immunisation caused
vivatwong  study. years. Thailand. TT. a8to 10 times reduc-
1993 tion of NT.
Rahman Surveil- Women from surveil- Immunised with Deaths attributed to NT with-  Full immunisation re-
1982a lance lance area. Bangladesh.  TT at 6th, Tth, 8th in 4 to 14 days after birth. duced neonatal mor-
study. month. Considered tality rates by about
immunised if re- one half and mortali-
ceived 2 injections ty rates on days 4 to 14
in 1974 orin the by about 70%.
1978 to 1979 pro-
gramme.
Partially immu-
nised, if received 1
injection in 1974 or
1978 to 1979.
Mixed immunised
if received 1 or 2
doses in 1974 and
again 1 or2 doses
in 1978 to 1979.
Koenig Survey. Children between 1 to Immunised with Deaths attributed to NT with- 2 injections provided
1998 14 years and non-preg-  choleratoxoid (Lor  in4to 14 days after birth. significant protection.
nantwomen atleast 15 2 0.5 mL doses) vs Protection of 1 dose
years. Bangladesh. tetanus - diphthe- not significant.
ria toxoid (1 or2 0.5
mL doses).
Schofield ~ Observa- Pregnant women from 3doses of fluid for-  Cases of NT observed in chil- 3 doses of forma-
1961 tional. 62 villages in New malinised TT (Com-  dren born from mothers who  linised TT adminis-

Guinea (Maprik, Wingei
and Wosera areas). A
retrospective "histo-
ry-taking survey" on
children born from 1945
to the time of the study
was also performed in
the Maprik area.

monwealth Serum
Laboratories, Mel-
bourne). The first
dose was admin-
istered as early as
possible in preg-
nancy, the sec-
ond 6 weeks later
and the third be-
tween 6 weeks and
6 months after the
second.

received different number of
doses of TT during pregnan-
cy.

Not immunised: 8/86.

Once immunised: 8/74.
Twice immunised: 8/234.

3 times immunised: 1/175.
From the history-taking sur-
vey it results that during
the examination period 184
deaths due to NT occurred
out of 3017 live births.

tered during pregnan-

cy afforded substan-

tial protection against

NT. Immunisation with

only 2 doses provided
also a significant pro-
tection level. No reac-
tions to the vaccine
were noticed.

NT: neonatal tetanus
TT: tetanus toxoid

Table 1. Studies evaluating safety outcomes

Refer- Study de-  Study popula- Intervention Safety outcomes Results

ences sign tion

MacLen- 2 stud- Both studies a) TT prepared by Parke Davis a) Swelling (severe Although oil-adjuvated

nan 1965 iesarere-  were performed & co with different adjuvants or no tender). preparations provide longer
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Table 1. Studies evaluating safety outcomes (continued)

ported in in New Guinea and administered in different b) Abscess (A persistence of antitoxin and
this pa- on indigenous doses (Drakeol, 1 dose vs H - =103 /327;B= require to be administered
per: populations. 24,1 dose vs AIPO4, 2 doses 96/332;C=2/340at  only once, they caused fre-
a) 1clus- a) Pregnant vs none, 3 doses) or TT pre- the 14th week after  quently severe side-effects.
ter-RCT women be- pared by the Commonwealth immunisation). The Al-adjuvated prepa-
evaluat- longing to the Serum Laboratories without c) Fever between rations, administered in 2
ing reac- Abelam tribe (n= adjuvant, 3 doses. 37.8t038.3°C. doses, appeared to be the
togenicity  179). b) TT prepared by Parke Davis  d) Swelling. best way at the time of the
and side- b) Non-pregnant & co with Drakeol (A, 1 dose) vs study to prevent the occur-
effects; women fromthe  H-24 (B, 1dose)vsAlPO4 (C,2 rence of NNT.
b) 1RCT Maprik area (n = doses).
assessing  999).
safety on-
ly, with a
24-weeks'
follow-up.
Silveira Case-con-  Cases(n= Immunisation of the mothers Cleft lip, pes No association for each of
1995 trolstudy.  34,293): newborn  with TT during pregnancy. equinovarus, the examined factors was
with congenital postaxial poly- found.
malformation. dactyly, hip sub-
The 10 most fre- luxation, heman-
quentin South gioma, periauricu-
America were lar tag, fistula au-
considered. ris, pigmented nae-
Controls (n= vus, other skin de-
34,777): non- fects, multiple mal-
malformed ba- formed.
bies of the same
sex, bornin the
same hospital
immediately
after the mal-
formed ones.
Data were ob-
tained from
examination
of 1282,403
neonatesin 173
hospitals in 105
cities across 9
different coun-
tries in South
America.
Salama RCT. Healthy preg- Participants were randomised  Systemic (fever, Pain at the site of injection
2009 nant Egyptian to: malaise, headache, = was complained more fre-
women at about or body aches) and quently in Td group after
20 weeks of ges- a) 0.5 mLof TT (TT, 5L, n =62).  |ocal reactions at both first (P <0.01) and sec-
tationalage (n= . the site of ond (P <0.04) dose.
122). b) 0.5 mL of cqmbmec{ tetanus injection (pain,
and reduced dl.phtherla (Td, 5 redness, swelling)
Lf of each toxoids, n = 60). within 3 days after
First dose at 20 to 26 weeks of each immunisation.
pregnancy, 2nd and 3rd ad-
ministered respectively 8 and
4 weeks apart.
Shakib Retro- - Exposed co- In the exposed cohort Tdap Spontaneous or Incidence of spontaneous
2013 spective hort: 138 women  immunisation occurred more elective abortion or elective abortion was no

Vaccines for women for preventing neonatal tetanus (Review)
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Table 1. Studies evaluating safety outcomes (continued)

Cohort
study

aged between
12 and 45 years
with document-
ed Tdap immu-
nisation dur-
ing pregnancy.
They were iden-
tified among the
162,448 preg-
nancies occurred
within the In-
termountain
Healthcare facil-
ities (Salt Lake,
Utah) between
May 2005 and
August 2009.

- Not exposed
cohort: 552 ran-
domly selected
women from the
same population
(without docu-
mented vaccina-
tion during preg-
nancy).

frequently within 1st (63%),
than during 2nd (17%) and 3rd
(20%) pregnancy trimester.
Immunisation with Tdap oc-
curred mainly as prophylac-
tic measure in consequence
of wound, trauma or routine
health supervision.

Stillbirth

Preterm delivery
(<37 weeks)

Gestational age
Birth weight

Congenital anom-
alies

greater in Tdap cases than
in controls.

No significant differences in
preterm delivery, gestation-
al age, or birth weight be-
tween groups.

Frequence of ICD-9-CM
codes diagnosis for con-
genital anomalies report-
ed among children born

to Tdap exposed women
do not differ significantly
from that observed among
born to not Tdap exposed
women.

Lf: limit of flocculation units

RCT =randomised controlled trial
Tdap: Tetanus-diphtheria acellular pertussis vaccine

TT: tetanus toxoid
VS: versus

APPENDICES

Appendix 1. Search strategy

PubMed and The Cochrane Library

#1 ("Tetanus Toxoid/adverse effects"[MeSH] OR "Tetanus Toxoid/contraindications"[MeSH] OR "Tetanus Toxoid/immunology"[MeSH] OR
"Tetanus Toxoid/toxicity"[MeSH])
#2 ("Tetanus/epidemiology"[MeSH] OR "Tetanus/immunology"[MeSH] OR "Tetanus/mortality"[MeSH] OR "Tetanus/prevention and

control"[MeSH])

#3 "neonatal tetanus"[Title/Abstract] OR ((tetanus[Title/Abstract]) AND (immunisation[Title/Abstract] OR vaccin*[Title/Abstract] OR
inoculation[Title/Abstract] OR newborn([Title/Abstract] OR infant[Title/Abstract] OR pregnancy|Title/Abstract]))

#410R20R3

#5 "Pregnancy Complications, Infectious"[MeSH]

#6 "Maternal-Fetal exchange"[MeSH]

#7 "Umbilical Cord"[MeSH]

#8"Fetus"[MeSH]

#9 "Infant, Newborn"[MeSH]

#10 childbearing[Title/Abstract] OR pregnant[Title/Abstract] OR pregnancy[Title/Abstract]
#11 5# OR #6 OR #7 OR #8 OR #9 OR #10
#12 "Tetanus Toxoid"[MeSH] OR tetanus toxoid[Title/Abstract]

#13#11AND #12
#14 #4 OR #13
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#15 "Randomized Controlled Trials"[MeSH] OR "Controlled Clinical Trials"[MeSH] OR "Random Allocation"[MeSH] OR "Single-Blind

Method"[MeSH] OR "Double-Blind Method"[MeSH] OR "Clinical Trials"[MeSH] OR "Placebos"[MeSH] OR "Follow-Up Studies"[MeSH] OR
"Prospective Studies"[MeSH] OR "Control Groups"[MeSH] OR "Patient Selection"[MeSH]

#16 controlled clinical trial*[Title/Abstract] OR randomised controlled trial*[Title/Abstract] OR randomized controlled trial*[Title/Abstract]
OR clinical trial*[Title/Abstract] OR "clinical trial*" OR random™* OR placebo* OR "double blind" OR "single blind" OR allocation[Text Word]

OR "follow up"
#17 #15 OR #16
#18 #14 AND #17
EMBASE search strategy
#1 'tetanus toxoid'/exp
#2 'tetanus'/exp/dm_ep,dm_dm,dm_pc
#3 'newborn tetanus'/exp
#4 'neonatal tetanus':ab,ti OR (tetanus:ab,ti AND (immunisation:ab,ti OR vaccin*:ab,ti OR inocula-
tion:ab,ti OR newborn:ab,ti OR infant:ab,ti OR pregnancy:ab,ti))
#5 #1 OR#2OR#3 OR #4
#6 'pregnancy complication'/exp
#7 'fetomaternal transfusion'/exp
#8 'umbilical cord'/exp
#9 'fetus'/exp
#10 'newborn'/exp
#11 #6 OR #7 OR #8 OR #9 OR #10
#12 f:ab,ti OR pregnant:ab,ti OR pregnancy:ab;ti
#13 #11 OR #12
#14 'tetanus toxoid'/exp
#15 'tetanus toxoid":ab,ti
#16 #14 OR #15
#17 #13 AND #16
#18 #5 OR #17
#19 'randomized controlled trial'/exp
#20 ‘clinical trial'/exp
#21 ‘'randomization'/exp
#22 'single blind procedure'/exp
Vaccines for women for preventing neonatal tetanus (Review) 38
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(Continued)

#23 'double blind procedure'/exp

#24 'placebo’/exp

#25 'follow up'/exp

#26 'prospective study'/exp

#27 ‘control group'/exp

#28 'patient selection'/exp

#29 #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28

#30 'controlled clinical trial':ab,ti OR 'controlled clinical trials":ab,ti OR 'randomised controlled tri-
al":ab,ti OR 'randomised controlled trials':ab,ti OR 'clinical trial':ab,ti OR 'clinical trials':ab,ti OR
random™:ab,ti OR placebo*:ab,ti OR 'double blind":ab,ti OR 'single blind':ab,ti OR allocation:ab,ti
OR 'follow up':ab,ti

#31 #29 OR #30

#32 #18 AND #31

#33 #18 AND #31 AND [embase]/lim

WHAT'S NEW

Date Event

Description

28 January 2015 New citation required but conclusions

have not changed

Review updated.

28 January 2015 New search has been performed

Search updated: 628 citations screened, eight full text articles
evaluated for inclusion. One additional trial, a safety trial, has
been added: Munoz 2014. The remaining seven studies did not
fulfil the inclusion criteria and were excluded. One of them
(Shakib 2013), a retrospective cohort assessing the effect of
tetanus diphtheria acellular pertussis immunisation on pregnan-
cy outcomes, has been commented on in Table 1.

Methods updated and 'Summary of findings' tables added.

HISTORY

Protocol first published: Issue 1,2001
Review first published: Issue 4, 2005

Date Event

Description

31 January 2013 New search has been performed

Search updated. Methods updated.

Vaccines for women for preventing neonatal tetanus (Review)

39

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Date Event Description
31 January 2013 New citation required but conclusions Ten studies identified from updated search excluded (Al-
have not changed Safi 2011; Basher 2010; Blencowe 2010; Canning 2011; de

Walque 2008; Halperin 2011; Hasnain 2007; Lassi 2010; Orozo-
va-Bekkevold 2007; Salama 2009).

17 May 2012 Amended Edited reference identifier for an additional reference - Prevots
1998.

18 January 2012 Amended Contact details updated.

18 February 2008 Amended Converted to new review format.

1 July 2007 New search has been performed Seach updated. No new trials identified.

15 August 2005 New citation required and conclusions Substantive amendment

have changed

CONTRIBUTIONS OF AUTHORS

For the present update, Alessandro Rivetti updated the searches, applied inclusion criteria and commented on the report. Vittorio
Demicheliapplied inclusion criteria and assessed methodological quality, extracted data and drafted the report. Antonella Barale assessed
methodological quality, extracted data and commented on the report. All authors contributed to the final draft.
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« UNDP/UNFPA/UNICEF/WHO/World Bank Special Programme of Research, Development and Research Training in Human Reproduction
(HRP), Department of Reproductive Health and Research (RHR), World Health Organization, Switzerland.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Subgroup analysis based on number of doses of vaccine was not specified in the original protocol. Methods for assessing subgroup
differences were updated and carried out using interaction tests now available within RevMan (RevMan 2014). One of the included studies
(Newell 1966) also reports as an outcome the cases of deaths not due to neonatal tetanus. It has been included in the analysis as a non
pre-specified outcome.

INDEX TERMS

Medical Subject Headings (MeSH)

Cause of Death; Diphtheria-Tetanus Vaccine [*therapeutic use]; Influenza Vaccines [administration & dosage]; Randomized Controlled
Trials as Topic; Tetanus [mortality] [*prevention & control]; Tetanus Toxoid [*therapeutic use]

MeSH check words

Adult; Female; Humans; Infant, Newborn; Pregnancy
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